Introduction
============

Emergence agitation (EA) was first described by Eckenhoff in the 1960s and is a condition that can occur during emergence from general anesthesia. EA in children is characterized by confusion, irritability, inconsolable crying, disorientation and uncooperative state which may be associated with a number of causes including anxiety or agitation on induction, rapid awakening in an unfamiliar environment, separation from parents, psychological compromise, pain, airway obstruction, type and site of operation, pre-medication, technique of anesthesia and anesthetics side effects[@R1]--[@R7]. Post-operative pain is a major risk factor for EA. Several studies have shown that the incidence of EA decreased after adequate pain control but not eliminated[@R3]. Although, EA is usually self-limited and occurs within the first 30 min of stay in post anesthesia care unit, it may last up to 2 days. It can lead to physical damage, disconnection of monitoring devices or intravenous catheters, increase in the risk of bleeding, falling and self-extubation[@R8],[@R9]. The incidence of EA varies from 10 to 80% and patients at high risk of EA are children aged 2--5 years undergoing ENT procedures[@R3]--[@R5]. The feeling of suffocation in ENT procedures may be responsible for the event[@R10]. Many strategies have been previously used effectively to reduce the severity and incidence of EA, which include change in the technique of maintenance of anesthesia and administration of sedative and analgesic medications such as fentanyl, clonidine, dexmedetomidine, midazolam and ketamine before induction or at the end of surgery[@R11],[@R12].

Propofol is a sedative-hypnotic agent with rapid onset and short duration of action, which provides rapid awaking, with antiemetic property and used for induction and maintenance of general anesthesia. It has been shown that when propofol is used for maintenance of anesthesia, it reduces the incidence of EA[@R13]--[@R18]. Ketamine is a phencyclidine derivate with analgesic and amnestic effects[@R19]--[@R21]. Both drugs: propofol and ketamine have been used successfully to control EA[@R11],[@R15],[@R22].

Clinical effects of propofol and ketamine are complementary. When these agents are administered in combination, their doses decrease and unwanted effects are minimized[@R23]. Ketofol, a mixture of ketamine and propofol reduces the sedative effect of propofol with lower toxicity as compared to each drug by reduction in the required doses[@R20].

A number of studies have reported that ketofol is effective in pediatric procedural sedation including closed fractures reduction, suturing, foreign body removal, chest tube insertion, incision and drainage of abdominal wall abscess[@R24]--[@R29].

There is no research on the comparison of propofol and ketofol infusion as a total intravenous anesthesia (TIVA) on incidence of EA. So, the aim of this study was to compare the effect of TIVA with propofol versus ketofol (1:4 ratio) on incidence of emergence agitation in children undergoing tonsillectomy.

Materials and methods
=====================

This randomized controlled clinical trial was registered in IRCT (Iranian Registry of Clinical Trials) with registration number 2017082829414N3. After approval by the Ethics Committee of Zanjan University of Medical Sciences and obtaining written informed consent from parents, this study was conducted on 87 children in Valiasr Hospital of Zanjan, Iran from November 2017 to March 2018.

All the children were in fasting state for 8 h. On arrival at the operating room, standard anesthetic monitoring including non-invasive blood pressure, electrocardiogram and pulse oximeter were applied. After providing intravenous access, Ringer\'s solution infusion was started. All the patients were pre-medicated with 1 µg/kg fentanyl and 0.02 mg/kg atropine. After 3 min of pre-oxygenation, general anesthesia was induced by 5 mg/kg sodium thiopental and 0.5 mg/kg atracurium, and after 3 min, the nasal intubation with a proper spiral tube was performed. Mechanical ventilation was performed to maintain the ET-CO~2~ between 30--35 mmhg. Maintenance of anesthesia was done using nitrous oxide/oxygen (50%/50%) and infusion of propofol or ketofol. Randomization was performed by random blocks (n=4).

The study was performed as a double blind clinical trial and the patients as well as anesthesiologists in the operating and recovery rooms were blinded to the agents administered. The anesthesiologist who administered the drugs and assessed the parameters was blinded to the study drugs because the drugs were prepared by a separate assistant who was not involved in the study, and the color and shape of the prepared drugs were the same.

1:4 ratio was chosen for ketofol infusion for maintenance of anesthesia during tonsillectomy which was associated with lower emergence agitation, hemodynamic instability and recovery time in previous studies[@R30],[@R31]. A ketamine/propofol admixture and propofol infusion was prepared by an assistant who was not involved in the clinical management of the study patients. Ketofol was prepared by mixing 40 mg of ketamine + 160 mg of Propofol 1% in a 20 ml syringe (the ratio of 1:4) and propofol by 20 cc propofol 1% (200 mg) in another 20 ml syringe. The initial maintenance infusion was started with the rate of 100 µg/kg/min (or 0.6 ml/kg/h) in both groups. Both propofol and ketofol were administered with infusion pumps and their amounts were changed based on the patient\'s condition including heart rate and blood pressure. The dose of ketofol or propofol was adjusted to maintain heart rate and blood pressure within 20% of the preinduction values. At the end of surgery and after discontinuation of the anesthetics, the patients received 0.04 mg/kg neostigmine and 0.02 mg/kg atropine for reversal of the neuromuscular blockade. The nasotracheal tube was removed when spontaneous regular breathing was confirmed. Children were transferred to the Post Anesthesia Care Unit (PACU) and one of the parents accompanied them until discharge. In the PACU, respiratory rate and peripheral oxygen saturation (SpO~2~) were recorded every 5 min, but blood pressure was not measured to avoid physical stimulation.

During PACU, an anesthesiologist, who was blinded to the treatment allocation, evaluated the incidence and severity of EA using the Pediatric Anesthesia Emergence Delirium (PAED) scales which was developed by Sikich et al[@R32] ([Table 1](#T1){ref-type="table"}). "Currently, the PAED scale is recognized as the standard for diagnosing ED in children with a score of \>12 yielding 100% sensitivity and 94.5% specificity for the diagnosis of ED"[@R33],[@R34]." "Then, the results of each item were converted into scores, summed up and considered as PAED score; the higher the score, the more agitated the child. A cutoff ≥12 was considered as presence of EA"[@R34].

###### 

Pediatric Anesthesia Emergence Delirium (PAED) scales

  point   Description of items            Not at all   Just a little   Quite a bit   Very much   extremely
  ------- ------------------------------- ------------ --------------- ------------- ----------- -----------
  1       The child makes eye contact     4            3               2             1           0
          with the caregiver                                                                     
  2       The child\'s actions are        4            3               2             1           0
          purposeful                                                                             
  3       The child is aware of his/her   4            3               2             1           0
          surroundings                                                                           
  4       The child is restless           0            1               2             3           4
  5       The child is inconsolable       0            1               2             3           4

PAED score and pulse rate were assessed on arrival at the recovery room, and at 10 and 30 min (or discharge time) after that time. If PAED score was ≥ 12, patients received midazolam for sedation.

The patients with laryngospasm, bronchospasm or bleeding, and patients requiring sedative were determined. The recovery time was recorded in patient\'s admission form. Extubation time was defined as the time interval between discontinuation of anesthesia and removal of nasotracheal tube, and recovery time was defined as the time from arrival at the PACU to discharge.

Statistical analysis
--------------------

In this study, assignment of patients into two groups was done using block randomization. All continuous data were normally distributed (Shapiro-Wilk test). Data were analyzed using IBM SPSS Advanced Statistics version 20.0 (SPSS Inc., Chicago, IL). Numerical data were expressed as mean and standard deviation. Qualitative data were expressed as frequency and percentage. Chi-square test (Fisher\'s exact test) was used to examine the relationship between qualitative variables. For quantitative data, comparison between two groups was done using independent sample t-test. A p-value \< 0.05 was considered significant.

Results
=======

The Consolidated Standards of Reporting Trials (CONSORT) guidance for reporting results was followed ([Figure 1](#F1){ref-type="fig"}).

![CONSORT flow diagram](AFHS1901-1736Fig1){#F1}

In this study, a total of 87 patients were included, out of which, 44 were in the control group and 43 in intervention group. No patient was excluded from the study. Demographic data including age and sex and also the duration of anesthesia in the two groups were similar and there was no statistically significant difference between these groups ([Table 2](#T2){ref-type="table"}).

###### 

Demographic data and duration of anesthesia in the two groups

                                                Mean± SD   Mean± SD   P value
  --------------------------------------------- ---------- ---------- ---------
  Age(years)                                    7.3±2.1    7±2.1      0.512
  Duration of                                   29.4±7.5   27.4±6.5   0.190
  anesthesia(min)                                                     
  Male/Female [\*](#TF1){ref-type="table-fn"}   24/19      20/24      0.334

Data presented as male/female ratio.

PAED was used to monitor agitation on arrival at the recovery room, and at 10 and 30 min (or discharge time) after that time. As shown in [Table 2](#T2){ref-type="table"}, there is no significant difference between the two groups in the incidence of agitation on arrival at the recovery room (P=0.058). Also, the incidence of agitation after 10 and 30 min stay in the recovery room showed no significant difference between the two groups (P=0.489 and P=0.292).

During recovery, out of the 87 cases, 42 had PAED≥12, requiring therapy. Out of these, 15 cases (35.7%) were in the intervention group and 27 (64.3%) in the control group. When comparing the two groups, the difference was not significant (P=0.013) ([Table 3](#T3){ref-type="table"}).

###### 

incidence of EA based on PAED score

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Groups      On arrival at the\                     after 10 min stay in the\   after 30 min stay in the\                                                             
              recovery room                          recovery room               recovery room                                                                         
  ----------- -------------------------------------- --------------------------- --------------------------- --------- --------- --------- ---- ------ ---- ----- ---- ------
  Agitation   Group K                                Group P                     Group K                     Group P   Group K   Group P                               

  (PAED≥12)                                                                                                                                                            

              n                                      (%)                         n                           (%)       n         (%)       n    (%)    n    (%)   n    (%)

  YES         0                                      0                           5                           11.4      9         20.9      12   27.3   6    14    10   22.8

  No          43                                     100                         39                          88.6      34        79.1      32   72.7   37   86    34   77.2

  P- value    0.058[\*](#TF2){ref-type="table-fn"}   0.489                       0.292                                                                                 
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fisher exact test P value

Regarding complications observed in the recovery room, 4 patients (6.4%) had respiratory complications, out of which, 2 were (5.4%) in the propofol group and two (6.4%) in ketofol group. In the ketofol group, 3 patients (7%) showed shivering and this was not seen in the propofol group. Also, in the ketofol group, 1 patient (3.2%) showed tonsil bleeding without any case in the propofol group. The results showed that complications were not significantly different among the two groups (p value= 0.105).

As shown in [Table 4](#T4){ref-type="table"}, extubation time was 9.8 min in the ketofol group and 9.6 min the in propofol group, with no statistically significant difference. Recovery time was 29.9 min in the ketofol group and 32.8 min in the propofol group, which is not statistically significant. Pulse rate before surgery, on arrival at the recovery room, as well as at 10 and 30 min after recovery were not significantly different in the two groups.

###### 

Anesthesia related parameters in the two groups

                                                      Mean± SD       Mean ± SD      P Value
  --------------------------------------------------- -------------- -------------- ---------
  Extubation time                                     9.8 ± 4.3      9.6 ± 4.3      0.829
  Recovery time                                       29.9 ± 9.9     32.8 ± 10      0.178
  Pulse rate before surgery                           116.7 ± 19.1   114.5 ± 19     0.597
  Pulse rate on arrival at the recovery room          124 ± 16.7     124.1 ± 16.5   0.999
  Pulse Rate after 10 min stay in the recovery room   113.4 ± 14     117 ± 20.3     0.331
  Pulse Rate after 30 min stay in the recovery room   112.8 ± 19.3   116.4 ± 20.3   0.375

Data are presented as mean and SD.

Discussion
==========

The results of the current study showed that in all the stages, incidence of agitation in ketofol group was lower as compared to the control group, but this difference was not significant.

The recovery times were 29.9 and 32.8 min in ketofol and propofol groups, respectively, demonstrating that ketofol did not lead to longer recovery time. The results also showed that 35.7% patients in ketofol and 64.3% in propofol groups had PAED≥12 which required therapy but the difference was not significant (P=0.013).

Both drugs: propofol and ketamine were used separately to control emergence agitation in adults and children. In a meta-analysis, propofol anesthesia was shown to cause a lower risk of EA than sevoflurane. The meta-analysis evaluated the incidence of EA in 14 trials with a total of 560 patients anesthetized with sevoflurane and 548 patients anesthetized with propofol, indicating that propofol anesthesia resulted in a lower incidence of EA[@R35].

Another meta-analysis including non-randomized and randomized studies (158 studies, with more than 14,000 children) also reported a lower risk of ED with propofol when compared with sevoflurane[@R36]. Also, ketamine was shown to reduce the incidence of ED in children anesthetized with sevoflurane either after a bolus of 1 mg/kg IV followed by an infusion at 1 mg/kg/h, or as a single bolus of 0.25 mg/kg IV before the end of surgery[@R36],[@R37].

The results of Abu-Shahwan study showed that the addition of ketamine 10 min before the end of surgery significantly decreased the incidence of EA without delay in recovery time in children undergoing dental repair under general anesthesia with sevoflurane .A recent meta-analysis has shown that ketamine has a prophylactic effect in preventing sevoflurane-related EA[@R38].

Post-operative pain has been a major confounding factor in the analysis of factors triggering the agitation. In several studies, the use of preemptive analgesia provided significant reduction in agitation. However, even when post-operative pain is treated effectively in patients undergoing general anesthesia, post-operative agitation may occur[@R39]--[@R42].

It was found that although, EA decreased in ketofol infusion group, its difference with propofol group was non-significant, and show similar results with previous studies[@R9],[@R39],[@R41],[@R42].

Although, ketamine has powerful analgesic effect and also additive effects in combination with propofol, decrease in frequency of agitation in ketofol as compared to propofol alone was non-significant. Therefore, it seems analgesic and sedative effects of ketamine plus propofol could not provide more significant reduction of EA, at least in ketofol combination with ratio of 1:4.

However, the authors of the current study suggested that even this insignificant difference is likely to be more related to the additive sedative effects of ketamine and propofol than pure analgesic effect of ketamine, as suggested in other studies[@R43].

It seems ketofol infusion in a ratio of 1:4 for 30 min does not lead to delayed recovery, probably, it may be due to the context-sensitive half-life of ketamine, which is known to increase dramatically after 30 min[@R44], and also consistent with the results of Finn and colleague\'s study[@R33].

Also, Akin concluded that the addition of ketamine to propofol preserved hemodynamic stability without prolonging recovery time or increasing the incidence of adverse events in pediatric patients undergoing cardiac catheterization[@R46]. The results of these researches are also consistent with the present one.

Ketofol infusion is mainly used for sedation and analgesia in procedures[@R24]--[@R29] and most researches have emphasized on its cardiovascular properties and short time recovery but to the authors\' knowledge, no study has used it for maintenance of general anesthesia (as a TIVA) and evaluated EA risk reduction in children in the operating room; although, ketamine and propofol has been used separately for this purpose.

The ideal ketamine to propofol ratio for anesthesia remains unclear. The ratios of 1:2 and 1:1 were associated with high incidence of psychotropic effects (10% unpleasant dreams) and ratios of 1:4 to1: 6.7 proved just as effective[@R47]. Several studies have used different ratios from 1:1 to 1:10[@R27],[@R30]. Coulter suggested that 1:3 is the optimum combination for bolus dosing and 1:4 is suitable for ketofol infusion[@R48]. In another study, the ratio of 1:3 was the best combination for intermittent dosing[@R49].

Daabiss et al. used 1:4 ratio of ketamine to propofol for surgical procedure on 3--12 years old children and concluded that infusion with this proportion had adequate sedation and analgesic effects without hemodynamic and respiratory depression or psychotomimetic side effects[@R32]. Similarly, in the present study, TIVA with ketofol infusion (1:4 ratio) was not associated with hemodynamic instability, delayed extubation or recovery time, and major unexpected events.

A study conducted by Sherry et al. showed that ketofol as well as propofol were significantly effective in reducing the frequency of EA as compared to the control group. The lowest frequency was in favor of ketofol despite the non-significant difference with propofol. Ketofol demonstrated more analgesic effect during the immediate postoperative period. Adequate postoperative sedation and analgesia was accompanied by better recovery criteria and hemodynamic stability but the difference in frequency of emergence agitation was non-significant between propofol and ketofol groups, which is similar to results of the present study. However, unlike the present study, they used sevoflurane-based anesthesia for all the children and administered a single dose of propofol (1mg/kg) or ketofol (1 mg/kg propfol and 0.25 mg/kg ketamine) at the end of adenotonsillectomy. Also, in the study of Sherry, the time to discharge from PACU was comparable in the three groups (p=0.079) which is similar to the present study[@R50].

In the current study, the pulse rate showed no significant differences in the two groups. The reason is that cardiovascular effects of each drug are contrasting in action and balance each other out when combined.

Ketamine is sympathomimetic and can facilitate bleeding through increase in blood pressure even at low doses. In the current study, one case of bleeding occurred in the ketofol group; since ketamine was given to patient during surgery, and it was able to cause bleeding, the surgeon performed the necessary hemostasis. On the other hand, ketamine reduces agitation in recovery, thus reduces the hemodynamic changes in the recovery and protects against bleeding.

Comparison between different studies is difficult due to the lack of a uniform definition of EA and the lack of a universal assessment scale. These discrepancies could be due to the sample size, moment and methods of EA evaluation, different types of surgeries, the duration of follow-up, genetic variations and different responses to drugs; therefore, further studies on different types of surgeries are recommended.

There are some limitations to this study. First, the authors were unable to determine other causes of agitation in recovery. Furthermore, because the power of the study was 51% when compared with accepted percent of 80%, more studies with more sample size or other proportion of ketofol are recommended.

Conclusion
==========

In conclusion, infusion of ketofol for maintenance of anesthesia in children undergoing tonsillectomy provides relatively shorter recovery time, lower PAED score and hemodynamic stability in comparison with propofol administered alone for anesthesia, although with no significant difference.
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